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INTRODUCTION 



This compilation of readings in educational media and research has 
been assembled for the purpose of providing students and practitioners 
in the educational media field with a readily accessible source of pub- 
lished and unpublished documents having implications for the design and 
use of educational media. Although the editor hopes that the readings 
are sufficiently comprehensive to serve as a foundation for the develop- 
ment of such a science of instructional media, he is fully aware of the 
large theoretical and research gaps that appear in the literature. 

In assembling this collection of theoretical papers, research sum- 
maries, and reports of experimental studies the editor attempted to 
include papers that would appear to have some lasting value and to have 
implications across the broad field of education. He had to use his 
best judgment as to the importance of each paper, and his personal 
.biases undoubtedly resulted in certain selections or omissions that 
might have been made differently by some other compiler. Because the 
purpose of this book of readings was to assemble papers that had a 
specific and direct relationship to instructional media research and 
theory, the contents were drawn from two sources: the pages of AV Com - 
munication Review , the research journal of the National Education As- 
sociation's Department of Audiovisual Instruction, and the publications 
in instructional media made by the United States Government. During 
the past sixteen years AV Communication Review has published an exten- 
sive range of papers, the substance of which comprises the main corpus 
of knowledge about research and theory in the instructional media field. 
Beginning in 1950 with the publication of Instructional Film Research : 
1918-1950 by Charles F. Hoban and Edward B. van Ormer, prepared under 
the direction of the U.S. Navy's Instructional Film Research Program at 
Pennsylvania State University, and continuing into the present with the 
final reports on instructional media research issuing from the U.S. Of- 
fice of Education's educational research programs, the federal govern- 
ment has supported research that has increased our understanding of 
instructional media and the role it performs in education. The third 
major source of theoretical and research information about instructional 
media-~published books— has not been utilized in this compilation of 
readings because of its magnitude and ready availability. 

The readings are organized into seven categories: The Basic Founda- 
tions, Media Characteristics, Research on Media Types, Media Design and 
Production, Media Content and Objectives, Learner Characteristics, and 
The Conditions of Media Use. 



Part One on The Basic Foundations consists of ten fundamental 
papers encompassing the foundations upon which a science of instruction- 
al media design and application may be built. James J. Gibson ("A Theory 
of Pictorial Perception") and Julian Hochberg ("Psychophysics of Pic- 
torial Perception") present aspects of pictorial perception from the 
viewpoint of the perceptual psychologist, and James Q. Knowlton ("On 
the Definition of 'Picture'") considers the semantic and symbolic char- 
acteristics of the visual pictorial image. Robert M. W. Travers ("An 
Information-Processing Model") advances a model based upon the investi- 
gations of D. E. Broadbent and stressing the limited channel capacity 
of the information-processing system. Kenneth Norberg ("Visual Percep- 
tion Theory") critically analyzes the theories of Gibson, Hochberg, 
Knowlton, and Travers and considers them in the light of other views on 
perception and communication. Robert Glaser ("Learning and the Technol- 
ogy of Instruction") looks at the relationships of instructional media 
to learning theory as an educational psychologist who emphasizes the 
importance of the responses of the learner and the application of learn- 
ing principles derived from the discipline of programed instruction. 

C. R. Carpenter ("Hypotheses of Film Learning") describes several test- 
able hypotheses which may serve as a theoretical orientation for in- 
structional film research. Sol Worth ("Aspects of Visual Communication") 
deals with the cognitive aspects of sequence in visual communication 
from the point of view of the aesthetics of the motion picture film. 

Paul Saettler ("Instructional Technology") and James D. Finn ("Trends in 
the Technology of Education") look at some of the more recent technolog- 
ical developments as they influence future developments in instructional 
media design and use, Saettler from the viewpoint of the historical de- 
velopments and Finn from that of the predictor of the future. 

Part Two on Media Characteristics contains six papers describing 
the characteristics of instructional media and comparing their effects. 
Gavriel Salomon and Richard E. Snow ("Film Attributes") and Calvin Pry- 
luck and Richard E. Snow ("Psycholinguistics of Cinema") consider the 
attributes of motion picture films from their structural and functional 
characteristics. Frank R. Hartman ("Single and Multiple Channel Presen- 
tation") and Hower J. Hsia ("On Channel Effectiveness") both make de- 
tailed analyses of the research on the effectiveness of the different 
channels of visual and auditory communication. Jerome Kenneth Conway 
("Channel Versus Modality") takes a critical look at the communication 
channels and modalities and presents a paradigm for consideration of 
their interactions. Finally, Robert M. W. Travers ("Compression of In- 
formation") discusses some characteristics of compressed information. 

Part Three presents several summaries of research and selected 
studies related to Research on Media Types . Leslie P. Greenhill's 
("Instructional Television") recent summary review of the research in 
instructional television and C. David Wood's ("Compressed Speech") re- 
view of the research on listening together present a general evaluation 
of the effectiveness of different media types. Karl U. Smith's ("Text- 
book Design and Illustration") presentation of principles for the design 
and illustration of textbooks and Seth Spaulding's ("Pictorial Illus- 
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trations") research on the design of pictorial materials for use in un- 
der-developed countries present hypotheses and guidelines for the illus- 
tration of textual material. The research study by Gloria D. Feliciano, 
Richard D. Powers, and Bryant E. Kearl ("Graphic Presentation") reports’ 
on the effectiveness of various forms of presenting statistical infor- 
mation. 

Part Four on Media Design and Production includes papers on various 
aspects of translating theory and research into an instructional prod- 
uct. The paper by George L. Gropper ("Learning from Visuals") reports 
on two research studies bearing on the design of instructional media 
and then incorporates these results into a consideration of the role of 
visuals in instructional strategies. Robert Glaser ("Psychological 
Bases for Instructional Design") presents a framework for the transla- 
tion of scientific knowledge of psychology into instructional practice. 
Robert M. W. Travers ("Transmission of Information" and "On Channel 
Switching") applies his theories of information transmission to media 
design. In an excerpt from their classic review of instructional film 
research Charles F. Hoban and Edward B. van Ormer ("Variables in In- 
structional Film Production") summarize the conclusions reached after 
three decades of research. Some procedures for using preproduction 
. testing techniques for the improvement of instructional materials are 
given by Nicholas Rose and Charles Van Horn ("Preproduction Testing") . 
Finally, Stuart M. Cooney and William H. Allen ("Nonlinearity in Filmic 
Presentation") consider the research on one significant production vari- 
able: that of linearity or nonlinearity of the instructional presenta- 
tion. 



Part Five consists of a number of theoretical and research papers 
relating to Media Content and Objectives . Laurence Siegel and Lila 
Corkland Siegel ("The Instructional Gestalt") present a methodological 
framework for studying the variables contributing to media effects and 
illustrate the application of this framework to a research problem. 
Leslie J. Briggs ("Selecting Media for Learning Objectives") and William 
H. Allen ("Media and Types of Learning") suggest guidelines for select- 
ing and developing particular types of media to accomplish specific 
kinds of instructional objectives. Robert M. W. Travers ("Concept 
Learning") treats more directly the relationship of media to the learn- 
ing of concepts. The final three papers by William H. Allen ("Effective- 
ness of Instructional Films") , Charles F. Hoban and Edward B. van Ormer 
("Influencing Motivations, Attitudes and Opinions"), and Mark A. May 
( Media Relationships to Learning Tasks") summarize the research pertain- 
ing to the accomplishment of different educational objectives. 

Part Six deals with the relationships of instructional media to the 
Chara cteristics . Richard E. Snow and Gavriel Salomon ("Aptitudes 
Instructional Media") concerns itself with the nature of human apti- 
tudes and its relevance for instructional media research and practice. 
Charles F. Hoban and Edward B. van Ormer ("Factors in Learner Response 
to Films") and William H. Allen ("Audience-Learner Characteristics") 
summarize the research pertaining to the characteristics of che learner 



as these interact with the mode of instructional media employed. Fi- 
nally, Egon Guba and Others ("Eye Movements and TV Viewing") report 
on a specific research project wherein the eye movements of the learners 
during the viewing of television presentations were analyzed and inter- 
preted. 

Tart Seven on The Conditions of Media Use includes a number of 
theoretical papers and summaries of research intended to demonstrate 
some of the applications of instructional madia to instructional prac- 
tice. Charles F. Hoban ("From Theory to Policy Decisions") presents a 
paper whose purpose it is to bridge the gap between theory and research 
and the operational decisions inherent in practice. Charles F. Hoban 
and Edward B. van Ormer ("Principles of Film Influence") summarize into 
a set of guidelines the generalizations from their comprehensive analy- 
sis of instructional film research, and Wesley C. Meierhenry ("Needed 
Research in Educational Media") presents a number of instructional 
media problems needing research attention. In William H. Allen's paper 
("Research on Film Use: Student Participate >1") a single dimension of 
. classroom application of instructional media is considered in depth. 
Leslie J. Briggs ("Choosing Media for Instruction") outlines a proce- 
dure for the selection of appropriate media to meet the varied condi- 
tions of learni ng and classroom application. Gerald S. Lesser and 
Herbert Schueler ("Teacher Education") make a detailed analysis of the 
instructional media research in teacher education. Finally, Warren E. 
Seibert and Richard E. Snow ("Cine-Psychometry") consider the use of 
films in the testing of various human abilities. 
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PART ONE 



THE BASIC FOUNDATIONS 



A THEORY OF PICTORIAL PERCEPTION 



by James J. Gibson 

Cornell University 



A distinction is possible between what is commonly called experience 
at first hand and experience at second hand. In the former one becomes 
aware of something. In the latter one is made aware of something. The 
process by which an individual becomes aware of something is called per- 
ception, and psychological investigators have been concerned with it for 
generations. The process by which an individual is made aware of some- 
thing, however, is a stage higher in complexity, and this has scarcely 
been touched upon by modern experimental psychology. It involves the 
action of another individual besides the perceiver. Although a precise 
terminology is lacking for this two-stage process, it is readily de- 
scribed in ordinary language: we speak of being informed, being told , 
being taught, being shown, or being given to understand . The principal 
vehicle for this kind of indirect perception is, of course, language. 
There is another vehicle for obtaining experience at second hand, how- 
ever, and this is by way of pictures or models. Although much has been 
written about language, there is no coherent theory of pictures. The 
attempt to analyse how a picture conveys information is a necessary but 
highly ambitious undertaking. The following essay cannot claim to do 
anything but set up working hypotheses for an important field of in- 
vestigation. 

I. Words, Pictures and Models as 
Substitutes for Realities 



An obvious fact about perception is that it is different for dif- 
ferent things, that is, our percepts are specific to the various fea- 
tures of the physical environment surrounding us. We discriminate 
among these features and we can identify objects, places, and events 
when we encounter them on another occasion. This discriminating and 
identifying of things is an important part of what goes on when we say 
that we learn . Learning requires not only that we make the appropriate 
reactions but also that wa be sensitive to the appropriate stimuli. An 
important aspect of education, or of any kind of special training, mili- 
tary, industrial, or professional, is an increasing ability to discrim- 
inate and identify things. 



Reprinted from *'A Theory of Pictorial Perception, 11 AV Communication 
Review , II (Winter, 1954), 3-23. The work on which this paper is based 
was supported in part by the U.S. Air Force under contract number AF 33 
(0380-22804) monitored by the Human Factors Operations Research Labora- 
tories, Air Research and Development Command. 
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The training situation, however, is not always the same situation 
as that for which the individual is being trained. This fact holds for 
the child at home, the student at school, and the military trainee be- 
fore he sees action. The learner must ordinarily be given an acquaint- 
ance with objects, places, and events which he has never physically 
encountered. The expedient is to train the individual in artificially 
constructed situations and expect that his learning will transfer to 
the novel situation, and this is essentially what any teacher does. The 
artificial construction of these situations is the crux of the matter. 
They must present adequate substitutes for the objects, places, and 
events later to be met with, if the latter are to be successfully dis- 
criminated and identified. The teacher can use oral and written words 
to induce this kind of secondhand experience, to “arouse an image," but 
he has always felt the need for other substitutes in addition. Pic- 
tures, films, drawings, models, and displays, along with diagrams, 
graphs, charts and maps are also, he is convinced, useful. Precisely 
why they are useful needs to be understood. 

What kinds of substitute- stimuli are best for informing or teach- 
ing, or which kinds are better for what purposes? What are the ad- 
vantages of pictures and motion pictures? What are the advantages of 
words? What are the limitations of both? Should pictures be realistic 
or schematic? Do pictures reproduce the perception of real three-di- 
mensional space? These are all practical questions, but they involve 
difficult theoretical problems. 

II. Definition of the Term "Surrogate" 

In order to understand how pictures convey information it will be 
necessary to have some general theory of how information is conveyed. 
Before attempting to specify the difference between pictures and words 
we should examine them to see how they are alike. The term surrogate 
is proposed to cover both, and a theory of surrogates will be formulated 
as a first step toward a theory of pictures. 

The traditional or commonsense explanation of how one man conveys 
information to another is simply that men have ideas, and that ideas 
are transmitted. The idea is said to be "expressed" in language, the 
words "carry" the idea, and the idea is then "grasped" or "taken in." 

An idea may be expressed by a picture as well as by words. It is hardly 
necessary to point out that this is no explanation at all. The "trans- 
mission of ideas" by words and pictures implies, when taken literally, 
that these vehicles carry their ghostly passengers unaltered from one 
mind to another. We shall therefore dispense with the term "idea" and 
state our definitions in terms of behavior. 

A surrogate will be defined as a stimulus produced by another in - 
dividual which is relatively specific to some object, place, or event 
not at present affecting the sense organs of the perceiving individual . 
The implications of this definition should be explored both for what it 
includes and what it does not include. It says, in the first place, 
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that a surrogate is an artificial stimulus constituted or produced by 
the behavior of another organism. Consequently, a surrogate is not the 
same thing as a substitute stimulus or a preparatory stimulus or a con- 
ditioned stimulus, as these are ordinarily defined in psychology, for 
these include merely physical conjunctions of events. Clouds are not 
a surrogate for rain, nor is the smell of food a surrogate for food. 

These are signs , but not surrogates. 

In the second place, the definition says nothing about what the 
stimulated individual will do in the presence of a surrogate. All it 
implies is that he may have a kind of mediated or indirect preception 
of what the surrogate is specific to. It is true, of course, that per- 
ception is a form of organic response, but this kind of response probab- 
ly has the primary function of identifying or discriminating features of 
the environment; it is implicit rather than overt and it does not in any 
reliable way tell us what the individual will do. 

Thirdly, the definition implies the action of one individual on 
another, a social influence, or an elementary form of communication, 
but the* emphasis is on one aspect of communication only. The definition 
is concerned with the mediating of a perception rather than the arousin g 
of an action in one*s fellow man. Long ago, De Laguna pointed out that 
speech had two general functions, that of "proclamation" and that of 
"command" (3) . An act of speech might at one extreme merely proclaim 
the existence of a certain state of affairs, or at another extreme mere- 
ly command a certain action. Usually it did both, but the two functions 
vere said to be distinguishable. More recently, Skinner has distin- 
guished between the "tact" and the "mand" in verbal behavior (12) . Many 
social scientists have contrasted the transmitting of knowledge with the 
effort to control action, or "information" as against "propaganda. 
Surrogate-making as here considered, then, will apply only to the first 
kind of communication, not to the second. A general theory of communi- 
cation including the function of persuasion would require many defini- 
tions and assumptions about human motivation and conduct, and is a 
greater undertaking than the writer here intends. The present theory 
is admittedly incomplete. 

Fourthly, the definition says that a surrogate must be relatively 
specific to an absent object, place, or event. "Specific" here means 
a one-to-one relationship between different surrogates and different 
things; it does not mean that the things specified are necessarily con- 
crete objects or particular places or never- to-be-repeated events. On 
the contrary, they may be abstract or universal things. Evidently the 
meaning of specificity is a crucial part of the definition. (Perhaps 
it is also the part of the theory to follow which most needs criticism 
and elaboration.) The specificity of surrogates to their referents is 
analogous to what was called an obvious fact about direct perception 
that it is different for different physical things. We assume that 
direct perceptions correspond to realities, or rather that they come 
more and more to do so as the perceiver learns. Accordingly we are 
primarily interested in how perceptions mediated by surrogates also come 
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to correspond to realities. Clearly, this kind of apprehension can only 
be specific to a referent if the intervening surrogate was itself spe- 
cific to a referent in the first place. The interesting fact about the 
specificity of a surrogate is that it depends on the psychological ac- 
tivity of its producer, that is, on the precision of his apprehension. 
Surrogate-making, whether it be naming, drawing, or modelling in clay, 
consists largely in what the writer has elsewhere called identifying 
reactions (5). 

The above definition of surrogates may usefully be compared and 
contrasted with a recent explicit definition of signs by Charles Morris 
(10) . The present formula owes much to his rigorous discussion, but 
there are fundamental differences between them. Morris distinguishes 
between iconic signs and non- iconic signs. The former include images 
and pictures; the latter include words. Morris understands that no 
sharp line can be drawn between them. But he has very little to say 
about the former and his theory is applied not to them, but to lan- 
guage. In contrast, the present theory is directed toward pictorial 
communication and language is slighted. A surrogate as defined here is 
less inclusive than a sign as defined by Morris, in that the former is 
always something produced by an organism whereas the latter may be any 
feature of the stimulating situation. Moreover, surrogates exclude in 
large part the difficult category of "expressive" or "emotive" signs, 
that is, reactions which are specific to the state of the organism 
rather than to the features of his environment. The present emphasis, 
in short, is cognitive. 

III. The Production of Surrogates 

Human organisms are chronic makers of surrogates. Some of their 
reactions yield only temporary stimuli (sounds, gestures, and so-called 
expressive movements) while others yield permanent stimulus- objects 
(picture-making, modelling, writing) . It would be useful to classify 
and list, first, the fundamental motor acts which either constitute or 
produce surrogates and, second, the complex motor acts or technologies 
which man has learned for producing them. These sources of stimulation 
are necessarily such as always to be either easily seen or easily heard 
by normal perceivers. 

The fundamental motor acts are (a) the making of vocal sounds, such 
as cries or speech; (b) the making of movements of the face, hands, arms, 
or body, which includes gestures, postures, and mimicry; (c) the making 
of tracings on a surface of some kind, which includes drawing, painting 
and the special case of writing; (d) the shaping of a substance by 
moulding it, cutting it, or fitting pieces together, which includes 
sculptures, toys, and models of all kinds, and finally; (e) the making 
of mechanical sounds by manipulating an instrument or blowing into it, 
which includes sound- signal ling and above all, music. If this list is 
exhaustive, it suggests that there are only a limited number of basic 
reactions appropriate for surrogate-making. 
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During recent history, to be sure, complex operations have been 
invented for making all these fundamental surrogates, which enable them 
to be conveniently reproduced, stored, and transmitted. Secondary sur- 
rogates are the result. The earliest technique of this sort, writing, 
is an instance of making a permanent surrogate to substitute for a 
simpler but temporary surrogate, i.e., tracings which are a substitute 
for speech. Writing probably evolved in the history of civilization 
from drawing, which is a primary surrogate (8) . The main technologies 
for secondary or tertiary surrogates seem to be (a) printing, which sub- 
stitutes for writing; (b) sound-recording and reproducing, which sub- 
stitutes for speech and music; (c) photography, which substitutes for 
drawing, painting, engraving, and other methods of altering a surface 
by hand, and which, together with photo- engraving, has flooded our en- 
vironment with pictures; (d) cinematography, which enables a picture to 
represent time as well as space; (e) vacuum-tube images, both pictorial 
(television) and symbolic (radar), the end of which is not yet in sight, 
and finally; (f) various techniques for replicating things in three 
dimensions and thereby making models, displays, exhibits, panoramas, 
and simulators intended to produce all kinds of '’synthetic' 1 realities. 

It should be noted that there is a characteristic of primary sur- 
rogates which the secondary or tertiary surrogates tend to lack, namely 
the personal style of the producer. Speech, gesture, handwriting, 
drawing and artistic style are notably "expressive” of the person who 
performs them (1). His reaction is specific, in other words, to himself 
or to his mood in addition to being specific to an object. The more 
complex products tend to lack this personal character. A painter is 
usually identifiable from his pictures but a photographer seldom is. 

IV. The Consequences of Surrogate-Making for the Perceiver and the 
Producer 



The most obvious consequence of surrogate-making is that another 
person can apprehend objects, places, and events perceived only by the 
first person. This makes possible a sort of vicarious experience for 
other individuals; the writer of a book, for instance, can produce 
mediated perceptions in many other people, and they may be people who 
live in distant places or even will not be living until future times. 

He can make them see what he has seen and hear what he has heard. A 
similar power is commanded by the painter, the movie maker, the teacher, 
and the parent. One person can, as we say figuratively, transmit know- 
ledge to others. What is equally important, however, is the fact that 
the first person can exchange surrogates with other persons. This makes 
possible a common body of perceptions among the group; it influences 
their direct perceptions and it may lead to a sort of consensus of ex- 
perience, a common world in which mediated percepts and direct percepts 
are no longer separate. 

The making of a surrogate, we must remember, necessarily involves 
self-stimulation whether or not it ever stimulates anyone else. Stimu- 
lation is fed back into an organism synchronously with its action. A 
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speaker hears his own voice; an actor feels his own gestures; an artist 
sees his own pencil -movements. As a result, the perceptual process and 
the surrogate-making process tend each to lead into the other, and the 
two become inextricably mixed. As Morris and others before him have 
pointed out (10) , this circular response in children, in conjunction 
with the facts of social stimulation, eventually converts a vocal sound 
into a symbol. The symbol-process then comes to occur in the absence of 
another person and even in the absence of the stimulating object to which 
the original perception was specific. At this stage of development the 
individual "thinks.” Since the same circular operation occurs for other 
surrogates as well as for vocal ones, it is not unreasonable to suppose 
that a person can learn to think in terms of drawings or graphs or models 
(and of the manipulations which produce them) as well as in terms of 
words. It may even be possible to infer, later on in this essay, that 
in certain respects such thinking is more easily performed than is verbal 
thinking. 

V. Conventional and Non-Conventional Surrogates 

An attempt can now be made to formulate the difference between 
words and pictures. All surrogates are specific to their referents, 
but the correspondence between a word and its object is probably not the 
same as that between a picture and its object. Morris faced the same 
problem when he considered that a great many signs are, as he put it, 
"iconic” (10: p. 23 and 191). His formula is very simple: a sign is 
iconic to the extent that it has itself the properties of what it de- 
notes, or to the extent that it is similar to what it denotes. An image 
or a portrait of a man has many (but not all) of the properties of the 
man himself. 

This statement is illuminating but it does not go very far, as 
Morris might be the first to admit. What kinds of properties can a sur — 
rogate share with the thing it stands for? In what respects is it sim- 
ilar? Can a surrogate be wholly unlike its object? And what if the 
object be abstract, so that there is little to be denoted? 

Consider two extreme cases of what can be meant by the correspond- 
ence of one thing to another, first the correspondence of a license- 
plate to an automobile and second the correspondence of a shadow to the 
tree that casts it. The plate is specific to the car because of an ar- 
bitrary pairing of the two and because of a rule of social conduct that 
says plates may not be exchanged or duplicated. The shadow is specific 
to the tree because it is a geometrical projection of the tree on the 
surface of the ground by rays of light from the sun. 

By analogy with the license-plate and the shadow, one may suggest 
that surrogates at one extreme are specific to objects, places, and 
events by convention , while surrogates at the other extreme are specific 
to the same things by projection . Language and algebraic symbols tend 
to fall toward the former pole and pictures or motion pictures toward 
the latter. Diagrame and graphs fall somewhere in the middle. Con- 
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sidering a language as a set of sounds produced by vocal reactions (or 
an equivalent set of tracings produced by manual reactions) the obvious 
fact to consider is that some groups of men have one set while other 
groups have different sets. A given object has different names in dif- 
ferent languages. On the other hand the enormous number of photographic 
snapshots existing all over the world constitute a single set. A given 
object could be matched with its photograph by any human being without 
having to learn laboriously a special vocabulary of photographs. The 
object and its name have an extrinsic relation, whereas the object and 
its picture have an intrinsic relation. 

Non- conventional , projective or replicative surrogates seem to be 
characterized by a very interesting possibility, which will require 
closer examination later. It is the theoretical possibility of the sur- 
rogate becoming more and more like the original until it is indistin- 
guishable from it. For visual perception, and under certain viewing 
conditions, a model can be elaborated until the artificial scene is 
equivalent to the natural one. Under very special viewing conditions 
a motion picture can probably also be so elaborated that the perceiver 
•is led to suppose that what he sees is an actual situation and an actual 
sequence of events. This possibility is not characteristic of a con- 
ventional surrogate. 

Both conventional and non- conventional surrogates may, of course, 
be relatively unspecific to their referents, and to this extent the 
resulting perceptions will also be unspecific. Language may be vague 
or ambiguous (2: ch. 2) and so also may pictures. In the case of pic- 
tures the relation will be called one of greater or lesser fidelity; in 
the case of words the relation will be called one of greater or lesser 
univocality . Maximum fidelity of a picture or model will be defined 
later, in terms of geometry and optics. Maximum univocality is very 
difficult to define; the task will be left to the students of semantics 
and of informat ion- theory. 

A number of propositions about words and pictures seem to follow 
from the foregoing assumptions, of which four will be stated. 

1. In general, children have to learn the correspondence of a sur- 
rogate to its object in order to make use of it. The more nearly a sur - 
rogate is projective or replicative, the less does associative learning 
need to occur. The more nearly a surrogate is conventional, the more 
does associative learning need to cccur . Pictures and models are closer 
approximations to direct perception than words and symbols are. 

2. Distinguishing between concrete objects, places, and events on 
the one hand, and abstract properties, qualities, or variables of them 
on the other, the more nearly a surrogate is replicative or projective 
the less is it capable of referring to abstractions and the more must its 
referent be concret e. Conventional surrogates, however, do not have 
this limitation. The more arbitrary a surrogate, the more is it free to 
specify anything, abstract or concrete . Verbal responses, for example, 
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